Patients with obstructive jaundice due to periampullary tumours may undergo preoperative biliary drainage (PBD). The effect of PBD on the microbiome of the biliary system and on postoperative outcome remains unclear.
Introduction
Surgical resection is the only curative treatment option for resectable, non-metastasized cancer of the pancreatic head 1 -3 . Whether surgery should be performed immediately in patients with obstructive jaundice or after decompression of the bile duct has been debated extensively and is the subject of ongoing studies. In 1935, Whipple proposed a two-stage surgical strategy. A posterior gastroenterostomy and a cholecystogastrostomy to the anterior wall of the stomach was performed first, followed by a pancreaticoduodenectomy 3-4 weeks later.
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The rationale was to decompress the obstructed biliary tract and allow restoration of liver function, coagulopathy and haemorrhagic diathesis 3 .
Nowadays, preoperative biliary drainage (PBD) is often performed by endoscopic placement of an endobiliary stent into the common bile duct (CBD) or via percutaneous transhepatic drainage of the biliary tract 1, 4 . Self-expanding metal stents have a higher patency rate and lower incidence of cholangitis than plastic stents 5, 6 . Previous studies showed a favourable effect of PBD on postoperative mortality and morbidity. More recent studies 7 -12 , including a multicentre RCT, however, have demonstrated an increase in postoperative (infectious) complications.
PBD by a stent is a significant risk factor for bacterial contamination of the biliary system with a bacterial flora that is resistant to antibiotics, leading to an increased risk of postoperative infection 13 -15 . Antibiotic prophylaxis based on preoperative bile cultures and short-term antibiotic treatment in patients at risk of biliary contamination may reduce postoperative wound infections 16 -18 .
The aims of this study were to characterize the bacterial flora in the bile of patients with periampullary cancer who did or did not undergo PBD, and to assess whether there were differences in antibiotic resistance patterns and in the development of postoperative complications in these two groups of patients.
Methods
This was a single-centre retrospective study. Details of all patients with carcinoma of the head of the pancreas, carcinoma of the distal bile duct, and ampullary cancer who were treated at the Department of Surgery of Klinikum rechts der Isar, Technical University of Munich, between July 2007 and July 2015 were retrieved from an institutional database. Only patients with existing samples from intraoperative bile cultures were included in the study.
Clinically relevant cholestasis was defined as a dilated biliary tree observed via imaging and a bilirubin concentration raised to 2 mg/dl or above. Biliary drainage was achieved by endoscopic placement of either a plastic or metal stent. Pancreatic head resection (classical Whipple procedure or pylorus-preserving Whipple procedure 1, 19 ) or total pancreatic resection was performed, depending on the extension of the tumour. Patients received an intraoperative dose of 3 g ampicillin-sulbactam, repeated every 3 h during the operation. Patients allergic to penicillin received ciprofloxacin. Postoperative antibiotic treatment for patients experiencing major infectious abdominal complications was performed empirically with piperacillin-tazobactam, adopted according to the antibiotic sensitivity of bile cultures, and continued for 7 days. Final results of the bile cultures were available on day 3 after surgery. Data on perioperative and postoperative antibiotic treatment were retrieved from patient records.
Patients with left pancreatic cancer (who required a distal pancreatic resection), those with other types of tumour including benign disease, and patients who received neoadjuvant treatment were excluded.
Complications
Data on complications, including death of the patient, within 30 days of operation and duration of hospital stay were collected retrospectively by searching the institutional diagnosis database, as well as by assessment of patient records, and graded according to the Clavien-Dindo classification 20 . Wound infections included superficial and deep infections of the incisional wound according to the Centers for Disease Control and Prevention (CDC) classification 21 . Postoperative pancreatic fistula was documented according to the International Study Group on Pancreatic Fistula definition 22 . Postoperative pancreatic fistula was defined as an amylase concentration in the abdominal drain fluid on or after postoperative day 3 exceeding the threefold upper normal serum amylase level, with severity grades A (no change to postoperative course), B (minor change to postoperative course, such as antibiotic treatment, parenteral nutrition, somatostatin treatment) and C (major changes to postoperative course, such as interventional percutaneous drainage or relaparotomy). Haemorrhage was defined as bleeding with transfusion of blood products. Intra-abdominal intervention included CT-guided placement of drains because of abscess formation.
Microbiology
Intraoperative bile samples were obtained directly after transection of the CBD using a swab. The swab was stored at room temperature and transported to the microbiology department for culture and assessment of the antibiotic resistance pattern. Microbiological test results were reported according to the type of bacterium, including the sensitivity and resistance pattern of the cultured microorganisms. Microbiological cultures of infected incisional wounds were not obtained routinely.
Statistical analysis
All calculations were conducted with SPSS ® version 23 (IBM, Armonk, New York, USA). A two-sided of patients in the PBD group had carcinoma of the extrahepatic bile duct and ampullary cancer compared with patients who did not undergo PBD ( Table 1) . Clinically relevant cholestasis was present in 30 of 36 patients (83 per cent) with carcinoma of the distant bile duct, 18 of 26 patients (69 per cent) with ampullary cancer, and 116 of 228 patients (50⋅9 per cent) with carcinoma of the head of the pancreas (P = 0⋅016). Biliary drainage was achieved by endoscopic placement of either a plastic (168 patients) or a metal (4) stent. Pancreatic head resection was performed in 257 patients: a classical Whipple procedure in 24 of the 290 patients (8⋅3 per cent) and a pylorus-preserving Whipple procedure in 233 (80⋅3 per cent). Total pancreatectomy was performed in the remaining 33 patients (11⋅4 per cent). Antibiotics were not continued after surgery in the majority of the patients who did not undergo PBD (73⋅7 per cent, 87 of 118), whereas most of the patients who had PBD did receive postoperative antibiotic prophylaxis (79⋅5 per cent, 136 of 171).
Microbiological analysis
Microorganisms were cultured from 189 of 290 bile samples (65⋅2 per cent). The proportion of patients with positive bile cultures was significantly higher in the PBD Influence of preoperative biliary drainage on the biliary microbiome e185 group than in patients who had surgery without PBD (97⋅1 versus 18⋅6 per cent respectively; P < 0⋅001) ( Table 2) . Escherichia coli was isolated in 45 per cent of patients who did not undergo PBD, compared with 19⋅2 per cent of those who had PBD (P = 0⋅009) ( Table 2 ). The biliary microbiome of patients after PBD showed a predominance of Enterococcus species, including E. faecalis (37⋅7 per cent) and E. faecium (20⋅4 per cent) as well as Enterobacter cloacae (20⋅4 per cent).
Factors influencing resistance pattern against perioperative antibiotics
Resistance to ampicillin-sulbactam was seen in 63⋅6 per cent of patients in the PBD group versus 18 per cent in the no-PBD group (P < 0⋅001) ( Table 3) . Similarly, increased resistance was observed to other antibiotics, including piperacillin-tazobactam, ciprofloxacin and imipenem. Cholangitis was associated with a significant increase in antibiotic resistance to piperacillin-tazobactam (54 per cent versus 21⋅9 per cent in patients with no cholangitis; P = 0⋅002), ciprofloxacin (52 versus 21⋅0 per cent respectively; P = 0⋅002) and imipenem (44 versus 19⋅7 per cent; P = 0⋅019), whereas resistance to ampicillin-sulbactam was not affected by cholangitis (60 versus 57⋅3 per cent; P = 0⋅831) ( Table S1 , supporting information).
Preoperative prophylaxis with broad-spectrum antibiotics led to increased resistance rates to piperacillin-tazobactam (59 per cent versus 18⋅9 per cent in patients who did not receive preoperative antibiotics; P < 0⋅001), ciprofloxacin (65 versus 16⋅2 per cent respectively; P < 0⋅001) and imipenem (51 versus 16⋅7 per cent; P < 0⋅001), but again not to ampicillin-sulbactam (71 versus 55⋅3 per cent; P = 0⋅125) ( Table S2 , supporting information).
Increased duration of biliary drainage (more than 4 weeks) did not influence the incidence of antibiotic resistance to ampicillin-sulbactam, piperacillin-tazobactam, ciprofloxacin or imipenem (Table S3 , supporting information).
Postoperative complications
A positive bile culture was not associated with severe postoperative complications (grade III or above: 30⋅2 per cent versus 23⋅8 per cent in patients with sterile bile; P = 0⋅274) ( Table 4) . Only the rate of wound infection was significantly associated with a positive bile culture (21⋅0 versus 6⋅2 per cent respectively; P = 0⋅002). There was no significant difference in the postoperative wound infection rate in patients with and without a bile fistula (1 of 3 (33 per cent) versus 44 of 280 (15⋅7 per cent); P = 0⋅406), pancreatic fistula (8 of 29 (28 per cent) versus 37 of 254 (14⋅6 per cent); P = 0⋅102) or need for interventional drainage (8 of 31 (26 per cent) versus 37 of 252 (14⋅7 per cent); P = 0⋅120). Table 5 shows the association between the type of bacterium cultured from the bile and the presence of a wound infection after surgery. The presence of E. faecium and Citrobacter species in the bile was associated with an increased risk of wound infection: odds ratio (OR) 2⋅83 (95 per cent c.i. 1⋅17 to 6⋅84) and OR 5⋅09 (1⋅65 to 15⋅71) respectively.
Bacteria in bile and wound infections

Discussion
The present study demonstrated that the biliary microbiota of patients with and without PBD are different. PBD is associated with a more antibiotic-resistant bacteria in the bile, which may require changing the type of perioperative antibiotics used for prophylaxis or treatment of infections.
Nomura 18 analysed the effects of preoperative antibiotic treatment on the biliary flora in 84 patients with a biliary stent. Bacteria were detected in the bile of 75 per cent of the patients, and an increase in Enterococcus species was found after preoperative antibiotic treatment or prophylaxis for cholangitis. Nomura 18 also found that the presence of enterococci in the bile was associated with increased postoperative complications. Sudo and colleagues 13 reported an increase in the proportion of patients with bacteria in the bile after PBD compared with those having no drainage (78 versus 36 per cent respectively). A higher frequency of a polymicrobial spectrum was found patients after PBD, including a higher prevalence of Klebsiella, Enterobacter, Citrobacter, Enterococcus, Streptococcus and Staphylococcus. As in the present study, bacteria isolated from the bile after PBD were often resistant to imipenem, cefpirome and gentamicin 13 .
In the present study, an increased incidence of postoperative complications including wound infection was seen in patients with positive bile cultures. Herzog and co-workers 14 reported a higher rate of postoperative complications in patients with multiresistant bacteria in the bile. Sudo et al. 15 showed that sensitivity to cefazolin was lower in patients after internal and external PBD compared with findings in a no-PBD group. Bacterial resistance to prophylactic antibiotics was also an independent risk factor for postoperative abdominal infectious complications 15 . Changing antibiotic treatment based on bile cultures after pancreaticoduodenectomy reduced postoperative wound infections and the severity of postoperative complications 16 . This effect was also seen in patients at high risk of contamination of the biliary system, such as those with ampullary cancer 17 .
Sahora and colleagues 23 demonstrated that the presence of Enterobacter and Citrobacter species in the bile of patients after PBD was associated with an increased risk of postoperative wound infection. Interestingly, bacterial cultures taken from the infectious site were similar to bile flora of the patients 23, 24 . The type of stent used for PBD may be important for the development of postoperative complications. In a randomized trial comparing self-expandable metal stents (SEMS) with plastic stents, Soderlund and Linder 5 found that median duration of patency was better for SEMS than for plastic stents (3⋅6 versus 1⋅8 months respectively; P = 0⋅002). Moses and co-workers 6 reported an increased incidence of cholangitis after placement of a plastic stent compared with SEMS (24⋅5 versus 4⋅9 per cent respectively;
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Several trials have investigated the effect of neoadjuvant treatment in patients with primary resectable pancreatic cancer 25 . Within this setting, stents are often placed to avoid jaundice, but this may lead to bacterial colonization of the biliary system with generation of antibiotic-resistant strains. The increased use of neoadjuvant therapy may increase the number of patients receiving PBD, and this can have important implications for choosing the correct antibiotic regimen for perioperative prophylaxis.
This study has several limitations. As not all patients underwent PBD at the authors' institution, the indication for stenting was not documented consistently. Furthermore, retrospective studies are prone to selection bias. Patients with more co-morbidities may be offered PBD first rather than primary surgery, although demographic analysis in this study showed no differences between the groups.
More than 50 per cent of patients with pancreatic cancer referred to specialist centres still undergo PBD, and more than 75 per cent of patients receive PBD before a surgeon is involved 26, 27 . Hence, the question is not whether PBD should be performed or not, but more how to optimize perioperative antibiotic prophylaxis and treatment based on preoperative and intraoperative bile cultures. Thus, bile samples taken for culture during the preoperative investigation (for instance at endoscopic retrograde cholangiopancreatography) may improve the efficacy of antibiotic prophylaxis or treatment when surgery is indicated.
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